Introduction
Trypanosomes are protozoan flagellates responsible for two major diseases in Africa: human African trypanosomiasis (HAT), and animal African trypanosomiasis (AAT) or Nagana 1 . The three Trypanosoma brucei subspecies responsible for trypanosomiasis are T. brucei brucei, which is responsible for animal trypanosomiasis; T. brucei gambiense (T.b. gambiense, which causes HAT and is common in West Africa; and T. brucei rhodesiense (T.b. rhodesiense), which is common in East and Central Africa, and also causes HAT 1, 2 . Despite the lack of appropriate molecular diagnostic tools, it is believed that T.b. rhodesiense is responsible for HAT in Malawi 1 . HAT is endemic in West, East and Central regions of Africa. In Malawi, HAT is endemic to districts that have wildlife reserves and vast ranching areas, such as Rumphi, Kasungu and Nkhotakota 1 . In 2006, the prevalence of HAT in Nkhotakota and Rumphi was 6 and 16 cases per 100,000 people, respectively 2 . Tsetse flies, of the Glossina genus, are the main vectors responsible for HAT 2 . In Malawi, the most predominant species is Glossina morsitans 1, 2 . These tsetse flies are mostly localised to wildlife reserves where they depend on wild animals for their blood meal. Little is known about the trypanosomes responsible for HAT and AAT at Liwonde Wild Life Reserve (LWLR), despite the clear presence of tsetse flies 3 . The range of trypanosome species infecting tsetse flies need to be accurately identified in order to gain a better understanding of the epidemiology of the disease. If left unattended, trypanosomiasis could have serious health implications for both humans and animals. The subsequent financial demands to cure HAT and the economic effect on livestock production as a result of AAT cannot be overemphasised 4 . It is therefore important to determine the prevalence of trypanosomes in tsetse flies in order to establish the risk posed to the people working at LWLR, and those in the surrounding villages, including their domestic animals. We sought to investigate the prevalence of trypanosomes in tsetse flies at LWLR using molecular techniques. Specifically, we aimed to determine the common species of tsetse flies, the trypanosome species infecting these tsetse flies and the prevalence of Trypanosoma brucei species responsible for HAT and Nagana.
The use of molecular technology to investigate trypanosome infections in tsetse flies at Liwonde Wild Life Reserve
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Abstract Background
Trypanosomes are protozoan flagellates that cause human African trypanosomiasis (HAT) and African animal trypanosomiasis (AAT). HAT is caused by Trypanosoma brucei rhodesiense in East and Central Africa and T.b. gambiense in West Africa, whereas AAT is caused by a number of trypanosome species, including T. brucei brucei, T. evansi, T. vivax, T. congolense, T. godfreyi and T. simiae. The aim of this study was to establish if tsetse flies at Liwonde Wild Life Reserve (LWLR) are infected with these trypanosomes and thus pose a risk to both humans and animals within and surrounding the LWLR. Methods A total of 150 tsetse flies were caught. Of these, 82 remained alive after capture and were dissected such that the mid-gut could be examined microscopically for trypanosomes. DNA extractions were performed from both mid-guts and the 68 dead flies using a Qiagen Kit. Amplification techniques involved the Internal Transcriber Spacer 1 (ITS 1) conventional polymerase chain reaction (PCR) with primers designed to identify trypanosome species, and Repetitive Insertion Mobile Element -Loop Mediated Isothermal Amplification (RIME LAMP), a sequence specific to T. brucei.
Results
Analysis showed that 79/82 (96.3%) of the mid-guts examined microscopically were positive for trypanosomes and that 75/150 (50%) of the DNA extracts (from the mid-gut, and tsetse fly carcasses) were positive for T. brucei, as determined by the RIME LAMP method. ITS1 PCR further showed that 87/150 (58.0%) flies were positive for trypanosomes, of which 56/87 (64.4%) were T. brucei, 9/87 (10.3%) were T. vivax; 7/87 (8.1%) were T. simiae; 6/87 (6.9%) were T. congolense, and 6/87 (6.9%) were T. godfreyi. Ten samples had a mixture of infections.
Conclusion
Our analysis demonstrated a mixture of infections from trypanosome species in tsetse flies at LWLR, and that T. brucei, the species that causes HAT, was the most common. Our study successfully used molecular techniques to demonstrate the presence of T. b. rhodesiense at LWLR, a species that causes HAT in both East and Central Africa.
Key Words: Polymerase Chain Reaction, Tsetse Flies, African Trypanosomiasis, DNA, Southern Africa, Malawi,
Materials and methods
Study area
The study was conducted at LWLR, which is located in the Southern Region of Malawi, approximately 116 km away from the commercial city of Blantyre. This Wildlife Reserve harbours different types of wild animals since the Shire river (an outlet of Lake Malawi) passes through this reserve. The area has had reported cases of both HAT and AAT 3 .
Study population and sample size
Using a purposive sampling method to set traps in hotspot areas (near pathways for animals), we set Epsilon (Zimbabwe) and biconal ( Challier-Laveissière, Burkina Faso) tsetse fly traps at Chinguni and Riverside camps, using liquid phenol and acetone as attractants [5] [6] [7] . The traps were set 50-100 m apart and the flies were harvested every 24hrs until the required sample size of 150 was reached. The flies, which were classified as either dead or alive, were then transported to the College of Medicine Molecular Biology Laboratories for species identification and processing. All flies were classified as either male or female by investigating the morphological features of the abdomen. We used standard identification methods for the tsetse flies. Male tsetse flies have a button-like structure called a hypopygium, while females have a slit. At the time of processing, 82 tsetse flies were still alive and were dissected; the mid-guts were removed and examined microscopically for the presence of trypanosomes ( Figure 1 ). After microscopic examination, Amplification was performed in one step only at 62°C for 60 min and was terminated at 80°C for 5 min. Products were detected and visualised using Syber Green 1 dye (Life Technologies, USA). The detection of PCR products for ITS 1 was carried out using a 2% agarose gel (Thermo Scientific, USA) and stained with ethidium bromide (Sigma). Gels were visualised with a U-genius UV illuminator (Syngene, UK).
the mid-guts were stored in 400 µl of phosphate buffered saline (PBS). The abdomens of dead flies were extracted and kept in 400 µl of 99.9% ethanol in 1.5-ml microcentrifuge tubes. The mid-guts were homogenised and 200 µl was removed for DNA extraction. The abdomens from the 68 dead flies were dried in liquid nitrogen and crushed in 2 ml microcentrifuge tubes using clean pestles; 200 µl was also taken for DNA extraction.
DNA extraction
DNA was extracted using the Qiagen DNA extraction kit (Qiagen, Germany). The starting material for the method was 200 µl of homogenate in a freshly labelled tube. A clean pipette was used to homogenise the mid-guts and crushed abdomens, to obtain a uniform mixture. Next, 20 µl of proteinase K was added, followed by 200 µl of lysis buffer, buffer AL; this was then mixed by vortexing. The mixture was incubated at 56°C for 1 h. Then, 200 µl of absolute ethanol was added and mixed thoroughly by vortexing. The mixture was pipetted into a DNeasy Mini Spin Column mounted in a 2-ml collecting tube and centrifuged at 6000 g (8000 rpm) for 1 min.
The flow-through and collecting tubes were discarded and the spin columns were placed in new 2-ml collection tubes.
Then 500 μl of buffer AW1 was added to the spin columns and centrifuged for 1 min at 6000 g. The flow-through and collection tubes were discarded and the spin columns were placed in new 2-ml collection tubes. Next, we added 500 μl of buffer AW2 and centrifuged for 3 min at 12,000 g. The flow-through and collection tubes were discarded and the spin columns were placed onto sterile 1.5-ml microcentrifuge tubes. Next, 50 μl of buffer AE was added to each column, followed by incubation for 1 min at room temperature. Columns were then centrifuged at 6000 g for 1 min to collect the DNA. This last step was repeated in order to obtain sufficient DNA for all PCR reactions.
Molecular techniques
Two polymerase chain reaction (PCR) techniques were used to determine the presence of trypanosomes: Internal Transcriber Spacer region 1 (ITS 1) and RIME-LAMP PCR. ITS 1 region primers (Table 1 ) that were originally designed by Davilla in 2002 (unpublished) but approved by Njiru et al. (2005) were used to amplify the trypanosome genomes 8 . The ITS 1 region is highly conserved and different trypanosome species yield PCR amplicons of different sizes ( Table 2) . RIME-LAMP primers were designed by Njiru et al. and 
Results
Of the 150 tsetse flies caught, 32 were males and 138 were females. All of the tsetse flies caught were Glossina morsitans. Of the 150 flies caught, 82 were alive. These were dissected and the mid-guts were removed for microscopic analyses; 79/82 (96.3%) were positive for trypanosomes. DNA analysis was performed on all of the 150 tsetse flies (using mid-guts from the dissected live flies as well as from the abdomens of dead flies). ITS 1 PCR analysis showed that 87/150 (58.0%) of the DNA extracts were positive for the presence of trypanosome DNA. Out of the 87 positives, 56 (64%) were T. brucei, 11 (13%) were T. vivax, 6 (7%) were T. godfreyi, 6 (7%) were T. congolense, and 8 (9%) were T. simiae (Figure 2 ). Ten samples had infections with more than one species of trypanosome ( Figure 3 ). Out of the 150 samples, RIME-LAMP demonstrated that 75 (50.0%) were positive for trypanosomes ( Figure 4 ).
Discussion
This study has confirmed previous research findings which reported that most cases of HAT in Malawi are transmitted by Glossina morsitans tsetse fly species; this species is considered to be the most efficient transmitter of trypanosomes In most areas of Africa there are eleven different endemic pathogenic trypanosomes 8 . The present study identified five major pathogenic trypanosomes (Table 3) ; the most common was T. brucei (37.3%), as determined by ITS 1 PCR, and 50.0%, as determined by RIME LAMP. This is a very worrying finding because T. brucei is responsible for the disease, both in humans and animals. The other species identified were T. vivax, T. godfreyi, T. congolense, and T. simiae, which are solely for animal infection (African animal trypanosomiasis or Nagana), but are equally a cause for concern for our domestic animals.
Conclusion and recommendations
This study confirmed the existence of Glossina morsitans, the most effective transmitter of trypanosomes, in tsetse flies inhabiting LWLR. The study also established that there are mixed infections of different species of trypanosomes in the tsetse flies at LWLR. Five major species have been identified, including T. brucei, which was the most prevalent, and causes both human and animal disease. Our findings recommend that fly control strategies such as aerial spraying or insecticide impregnated target traps should be put in place at LWLR to reduce the levels of tsetse flies, or even eradicate them all together. Because we identified T. brucei, there is a significant concern for the agriculture sector because of the potential impact on animal infections. We therefore recommend the engagement of partners from agriculture (estates) to scale up campaigns for the eradication of tsetse flies by aerial sprays. Further research is also needed on a large scale to determine the prevalence of trypanosomes in domesticated livestock and humans. A more specific study would be to determine the prevalence of Trypanosoma brucei rhodesiense in humans living close to wildlife and nature reserves.
